Introduction
Some degree of apical root resorption is frequently a side effect of orthodontic tooth movement. Early investigators of this phenomenon such as Ketcham(1) and Phillips(2) found maxillary incisors to be the most susceptible. At this time, evidence indicates that a routine course of orthodontic treatment will lead to an average apical resorption of 1 to 2 millimeters(mm) for upper incisors (3, 4, 5, 6, 7, 8) with 2 3% of patients showing a loss of 4 mm or more (4, 7, 9) .
Intrusion is one of the specific types of tooth movement which has been suggested as a possible cause of root resorption (10, 11, 12) . The tooth apex and associated periodontium can experience relatively high compression stresses when an intrusive force is applied to the crown (13) . Because of the potential for these high stress levels, intrusion is a technique which logically could increase the risk of apical root resorption.
Several investigators have examined the relationship between intrusion of incisors and root resorption, Deshields(3) attempted to correlate movement of the upper central incisors with root resorption. Using pre-and post-treatment lateral cephalograms he measured vertical tooth movement relative to a palatal plane, including correcting for normal growth. He found no correlation between intrusion and resorption. In a similar study by Kaley and Phillips (6) , records of 200 consecutively treated patients were examined. These authors also failed to see a correlation between root resorption and net intrusive movement of maxillary or mandibular incisors. They did however, find a 20 fold increase in risk for severe resorption if the roots were moved in proximity to the lingual or facial cortical plates.
McFadden et ai. (17) The control group served as a check of the reliability of the method and, as would be expected, showed virtually no change in root length. The authors did not find a significant correlation between the amount of resorption and the amount or duration of intrusion.
Assessing the extent of root resorption has often been done by visual examination and qualitative evaluation of periapical radiographs (4, 7, 17, 18, 19) . A more quantitative method described by Linge and Linge(8) 
Materials and Methods
Subjects: An experimental and control group each consisted of 17 patients selected from those receiving treatment in the graduate orthodontic clinic of the dental scool.
Inclusion criteria for both groups were: completed incisor root formation, no history of marked root resorption prior to orthodontic treatment as evidenced on periapical films, no history of major trauma to maxillary incisors, and no previous orthodontic treatment. Additionally, the experimental subjects had a treatment plan which called for 2. Intrusion mechanics: The appliance used for intrusion was constructed as described by Burstone(16 To measure root resorption, periapical radiographs were taken before and after intrusion for the experimental subjects. (Figures 2-8) .
By comparing the true length of the wire to its dimension on the film, an exact magnification factor can be calculated for that exposure. Since the wire is registered to the crown via the acrylic block in a parallel orientation to the root, the magnification factor is valid for the tooth as well as the wire. This is due to the fact that parallel structures are foreshortened or elongated in the same proportion.
The overall length of the tooth on the film was measured along its long axis from apex to midpoint of the incisal edge. This radiographic measurement was then converted to actual length using the magnification factor found as described above.
After determining actual tooth length at the time of the second radiograph using the same procedure, the change in length was calculated. All measurements were made using electronic calipers (accurate to 0.01 mm).
To check reliability of the method, a test was conducted using 8 extracted maxillary incisors. The overall length of each tooth was measured with calipers and recorded. The teeth were then radiographed with a jig in place simulating the technique described above. Next, approximately 1.0 mm was ground off the apex of each tooth, the lengths were re-measured and recorded, and a second radiograph was taken. Using the radiographs taken before and after grinding, the change in length for each tooth was calculated per the method described above. The calculated values were compared to the actual amount removed by grinding.
Using the same before and after films of the eight teeth, the procedure for measuring resorption using crown/root ratios as described by Linge and Linge(9) and revised by Dermaut and De Munck(10) was also done. By this method the percent change in root lengths were found using the formula: 100 root after x crown before x 100 root before x crown after The percentages found were then multiplied by 16 mm, the average root length for the 8 extracted teeth (measured on the interproximal surfaces).
When compared to the actual amounts that were ground off each tooth, the method of measurement using the wire jig had a mean error of 0.1 mm per tooth(SD 0.1mm) and a coefficient of correlation(r) 0.9. The crown/root ratio method had a mean error of 0.6 mm (SD 0.4mm) and r 0. 4 Figure 6 . Descriptive statistics for the two groups are given in Table I . and full data on each subject is listed in Appendix I. Proclination (degrees) 7 7 Movement of apex (mm) 3 .0 1.0 statistically significant difference between control and experimental means (p<O.05) Table I . Changes in root length and tooth position of the maxillary central incisor.
Control subjects were random selection of patients in full arch appliances.
Experimental subjects were treated with a maxillary intrusion arch. 
